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Description 

The present Invention relates to a process of pro- 
ducing a semiconductor device having multilevel inter- 
connections. 5 

In recent years, the integration density of semicon- 
ductor devices has been raised and multilevel intercon- 
nections have been used more frequently, as the scale 
of the systems realized by the use of semiconductor de- 
vices is increased and the fabrication technology for 
semiconductor devices with fine geometry is advanced. 

With the increase in the integration density of sem- 
iconductor devices, the space between the interconnec- 
tions also decreases. Because of this, the parasitic ca- 
pacitance incidental to the interconnections increases. 

In order to reduce such parasitic capacitance, it has 
been proposed to remove an inter-layer insulation film 
to make the space between the interconnection layers 
vacant, by supporting the upper layer interconnection 
only by contact pillars at via hole positions, in a report 
by Eiichi YAMAMOTO, et at. entitled "f^ultileve! Metal 
Interconnect for Ultra High Speed LSI using Al/Polymide 
Contact Pillar Method" numbered 456 In a preprint arti- 
cle of "Electronic Information Communication Society 
70th Anniversary General National Grand Meeting" 
(1987) at pages 2-260. In such multilevel interconnec- 
tions of aerial interconnection construction as above, 
the coupling capacitance between interconnection lev- 
els is reduced to 1/4 to 1/3 of that of ordinary multilevel 
interconnections completely filled with Inter-layer insu- 
lating films. 

The above-mentioned prior art multi-level intercon- 
nections having aerial Interconnection construction is 
considered to have ideal construction with respect to re- 
duction of coupling capacitance between interconnec- 
tion levels, but to have a defect that it is weak against 
mechanical Impact since the physical support between 
interconnection levels is achieved only by conductive 
contact pillars for electrically connecting interconnection 
levels. Further, thermal stress of interconnections 
caused by thermal expansion owing to Joule's heat is 
not dispersed but concentrated to the contact pillars. For 
such thermal and mechanical impacts, it is liable to oc- 
cur that interconnections are cut open or short-circuited 
and so it is impracticable to really apply the multilevel 
interconnections having aerial interconnection con- 
struction to a large scale integrated circuit. 

The present inventor formerly presented together 
with other co-inventors, in EP-A-0 393635 [correspond- 
ing to Japanese Patent Application No. 104,967/1990 
filed on April 20, 1 990] a semiconductor device that has 
a feature in the spatial relationship between intercon- 
nection levels and the intermediate insulating films. In 
the lower part of the second and/or subsequent levels 
of Interconnection there exist Intermediate insulating 
films that have a pattern which is the same as the pattern 
of the interconnection. Because of this arrangement, the 
Intermediate insulating film does not exist between the 
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interconnections on the same level. The first structure 
of the multilevel interconnection has the intermediate in- 
sulating films formed in wall-like shape, with the lower 
end of the intermediate insulating films reaching an un- 
derlying insulating layer formed on the surface of the 
semiconductor substrate. The second structure of the 
multilevel interconnection is a quasi air gap metallization 
structure. This construction has markedly improved 
thermal and mechanical strength compared with the 
above-mentioned aerial interconnection construction, 
but the reduction of coupling capacitance between In- 
terconnection levels is not so large as the aerial inter- 
connection construction. 

In a semiconductor device known from EP-A-0 373 
360 spaces are formed between the lower-level Inter- 
connections which spaces are sealed by the substrate 
and by an upper level insulating layer, wherein the spac- 
es are filled by an inert gas with low pressure which 
gives a low dielectric constant. Furthermore, this docu- 
ment discloses method steps 1 ) to 7) of the appended 
claim. 

An aerial Interconnection construction as described 
before is disclosed in US-A-4 920 639. 

It is an object of the invention to provide process of 
producing a semiconductor device which obtains both 
the reduction of coupling capacitance between intercon- 
nection levels and improvement of thermal and mechan- 
ical strength. 

This object is achieved by a method for the produc- 
tion of a semiconductor device as defined in the append- 
ed claim. 

Fig. 1 shows a perspective view to schematically 
explain the structure of a semiconductor device to be 
produced. 

Figs. 2(a) to 2(h) and Figs. 3(a) to 3(e) show cross 
sections to schematically explain the production steps 
of a semiconductor device as an embodiment of the 
present invention. 

Figs. 4(a) to 4(h) and Figs 5(a) to 5(1) show cross 
sections to schematically explain an extension of the 
production steps of a semiconductor device. 

The present invention will be explained below fur- 
ther in detail with respect to Its some embodiments 
shown in Figs. 1 to 5. 

In Fig. 1 , an example of two-level interconnections 
is shown by a perspective view, wherein on a lower level 
inorganic insulating film 1 consisting for instance of a 
silicon oxide film formed on a semiconductor substrate 
20, first-level interconnections 2 consisting for instance 
of aluminium are formed. The space between the first- 
level interconnections 2 is vacant to form a cavity. On 
the first-level interconnections 2, second-level Intercon- 
nections 6 consisting of aluminium or the like are formed 
with interposed first inter-level inorganic insulating film 
3 consisting for instance of a silicon oxide film. The first 
inter-level inorganic insulating film 3 exists at solid 
crossing points between the first-level interconnections 
2 and the second-level interconnections 6, excepting via 
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hole portions (not shown in the drawing) for forming con- 
tact pillars which electrically connect the first-level inter- 
connections 2 and the second-level interconnections 6. 
Further, the first-level inorganic insulating film 3 does 
not exist at portions other than the above mentioned 
crossing points and so these portions are vacant to form 
a cavity. 

In this device, the first-level and the second-level 
interconnections form solid crossing points with an in- 
terposed inter-level Inorganic insulating film at portions 
other than via hole portions, differently from the above 
mentioned aerial interconnection construction. There- 
fore the second-level interconnections 6 are mechani- 
cally supported on the first-level Interconnections 2 also 
at these solid crossing points. It can be considered that 
this construction has the same construction as the ordi- 
nary multilevel interconnections wherein the space be- 
tween interconnections is fully filled with an inter-level 
insulating film only at the above mentioned solid cross- 
ing points, and the same construction as the aerial in- 
terconnection construction at the other portions. Since 
the ratio of the above mentioned solid crossing points 
occupied in the entire coupling capacitance is ordinarily 
not higher than 1/4, although it depends upon configu- 
ration of interconnections, it can be said that the cou- 
pling capacitance in this device is only 1/3 to 1/4 of that 
of the ordinary multilevel interconnections wherein the 
space between interconnections is fully filled with an In- 
ter-level insulating film. 

Next, an embodiment of the present Invention will 
be explained with reference to Figs. 2(a) to 2(h) which 
are cross sections along the line A-A' in Fig. 1 in the 
direction of the second-level interconnections 6 and 
Figs. 3(a) to 3(e) which are cross sections along the line 
B-B' in Fig. 1 in the direction of the first-level intercon- 
nections 2. 

First, as shown in Fig. 2(a), a lower level inorganic 
insulating film 1 for instance of silicon oxide is formed 
on a semiconductor substrate 20 and a first-level inter- 
connection layer for instance of aluminium is formed to 
have a thickness of about 0.5 |im. Further, a first Inter- 
level Inorganic Insulating film 3 for instance of silicon ox- 
ide is formed thereon to have a thickness of about 0.5 
|xm. Next, a photoresist is coated and patterned, the first 
inter-level inorganic insulating film 3 and the first-level 
interconnection layer are etched by using the patterned 
photoresist as a mask to form first-level interconnec- 
tions 2, and the photoresist is removed. Next, as shown 
in Fig. 2(b), a first inter-level organic Insulating film 4 is 
formed to have a thickness of about 1 .5 ^m by polyimide 
by means of a spin-on method. 

Then as shown In Fig. 2(c), the first inter-level or- 
ganic Insulating film 4 Is etched by a plasma etching 
method by using oxygen gas, so that the surface of the 
first inter-level inorganic insulating film 3 is exposed but 
the first inter-level organic insulating film 4 existing at 
lateral side of the first inter-level inorganic Insulating film 
3 is retained. Next as shown in Fig. 2(d), via holes 5 are 
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opened at desired positions in the first inter-level inor- 
ganic insulating film 3 by means of an ordinary photoli- 
thography method. 

Then as shown in Fig. 2(e), a second-level intercon- 

5 nection layer 6A is formed to have a thickness of about 
0.5 ^im by an aluminium film by means of a magnetron 
sputtering method. Next, as shown in Figs. 2(f) and 3 
(a), a photoresist is coated and patterned to form a nnask 
7 for second-level interconnections. 

10 As shown in Fig. 3(b), the second-level interconnec- 
tion layer 6A is patterned by anisotropic plasma etching 
by a chlorine-containing gas through the mask 7 to form 
the second-level Interconnections 6. Next as shown in 
Fig. 3(c), the first inter-level inorganic insulating film 3 

IS is patterned by anisotropic plasma etching by a fluorine- 
containing gas. 

The mask 7 is then removed as shown in Figs. 2(g) 
and 3(d). The first inter-level organic insulating film 4 is 
removed as shown in Figs. 2(h) and 3(e) by isotropic 

20 plasma etching by oxygen gas to form a cavity 8. This 
can be carried out simultaneously with removal of the 
mask 7 in the former production step. 

By this embodiment of the present invention, it is 
possible to realize the interconnection construction as 

2S shown in Fig. 1 . In this production process, it Is possible 
to make the patterning of the first inter-level inorganic 
insulating film 3 by utilizing the lithography of the pat- 
terning of the first-level interconnections 2 and that of 
the second-level interconnections 6 and so no additional 

30 lithography steps are required. This enables to avoid in- 
crease of number of production steps. 

Fig. 4(a) to 4(h) and 5(a) to 5(1) show an extension 
of the process wherein third-level Interconnections are 
formed in addition to the two-level interconnection con- 

35 struction as shown in the above mentioned embodi- 
ment. The third-level interconnections are formed along 
the line B-B' in Fig. 1 in the direction of the first-level 
Interconnections 2. Figs. 4(a) to 4(h) are cross sections 
along the line A-A' in Fig. 1 in the direction of the second- 

40 level interconnections 6 and Figs. 5(a) to 5(1) are cross 
sections along the line B-B', In Fig. 1 in the direction of 
the first-level interconnections 2. 

As shown in Figs. 4(a) and 5(a), the construction as 
shown in Fig. 2(e) of the embodiment of the present in- 

45 vention is formed, that is, up to the formation of the sec- 
ond-level interconnection layer 6A. Then a second Inter- 
level inorganic insulating film 9 for instance of silicon ox- 
ide is formed thereon to have a thickness of about 0.5 
^m. Next, the photoresist for the second-level intercon- 

so nections is patterned to form a mask 10. As shown in 
Fig. 5(b). the second inter-level Inorganic insulating film 
9 is patterned by anisotropic plasma etching by a fluo- 
rine-containing gas through the mask 10. 

As shown in Fig. 5(c), the second-level interconnec- 
ts tion layer 6A is patterned by anisotropic plasma etching 
by a chlorine-containing gas to form the second-level 
interconnections 6. Then as shown in Fig. 5(d), the first 
inter*level Inorganic insulating film 3 is patterned by an- 
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isotropic plasma etching by a fluorine-containing gas. 

As shown in Figs. 4(b) and 5(e), the mask 10 is re- 
moved and as shown in Figs. 4(c) and 5(f). a second 
inter-level organic insulating film 11 is formed to have a 
thickness of about 2 ^m by polyimide by means of a 
spin-on method. 

Then as shown in Fig. 5(g), the second inter-level 
organic insulating film 11 is etched by a plasma etching 
method by using oxygen gas, so that the surface of the 
second inter-level Inorganic insulating film 9 is exposed 
but the second inter-level organic insulating film 11 ex- 
isting at lateral side of the second inter-tevel inorganic 
insulating film 9 is retained. Next as shown in Fig. 5(h), 
via holes 12 are opened at desired positions in the sec- 
ond inter-level inorganic insulating film 9 by means of 
an ordinary photolithography method. 

Then as shown in Fig. 5(i), a third-level interconnec- 
tion layer 1 3A is formed to have a thickness of about 0.5 
^m by an aluminium film by means of a magnetron sput- 
tering method. Next, as shown in Figs. 4(d) and 5(j). a 
photoresist is coated and patterned to form a mask 14 
for a third-level interconnections. 

As shown in Fig. 4(e), the third-level interconnection 
layer 1 3A is patterned by anisotropic plasma etching by 
a chlorine-containing gas through the mask 14 to form 
the third-level interconnections 13. Next as shown in 
Fig. 4(f), the second inter-level inorganic insulating film 
9 is patterned by anisotropic plasma etching by a fluo- 
rine-containing gas. 

The mask 14 is then removed as shown in Figs. 4 
(g) and 5(k). The first inter-level organic insulating film 
4 and the second inter-level organic insulating film 11 
are removed as shown in Figs. 4(h) and 5(1 ) by isotropic 
plasma etching by oxygen gas to form a cavity 15 and 
a cavity 1 6. This can be carried out simultaneously with 
removal of the mask 14 in the former production step. 

In this process, it is possible to make the patterning 
of the first Inter-level inorganic insulating film 3 by utiliz- 
ing the lithography of the patterning of the first-level in- 
terconnections 2 and that of the second-level intercon- 
nections 6 and also to make the patterning of the second 
inter-level inorganic insulating film 9 by utilizing the li- 
thography of the patterning of the second-level intercon- 
nections 6 and that of the third-level interconnections 13 
and so no additional lithography steps are required. This 
avoids, an increase of the number of production steps. 

The interconnection construction as formed has 
small coupling capacity owing to shall dielectric constant 
of the cavities. Further, since the second-level intercon- 
nections 6 are supported by the first inter-level inorganic 
Insulating film 3 and the third-level interconnections 13 
are supported by the second inter-level inorganic insu- 
lating film 9, a three-level interconnection construction 
durable against thermal and mechanical impacts can be 
obtained. 

As explained above in detail, an inter-level insulat- 
ing film is formed at solid crossing points between up- 
per-level interconnections and lower-level interconnec- 



tions, excepting via hole portions. This means that me- 
chanical support between interconnection levels is giv- 
en by solid crossing points between interconnections. 
For this, a semiconductor device having high durability 
5 against thermal and mechanical impacts can be ob- 
tained. 

Further, since inter-level regions otherthan the solid 
crossing points are made vacant to form a cavity, cou- 
pling capacity can be reduced to 1/3 to 1/4 of an ordinary 
multilevel Interconnectbns wherein inter-level regions 
are fully filled with an inter-level insulating film. 



Claims 

1. A process of producing a semiconductor device 
having multilevel interconnections, the process 
comprising the following steps : 

1) forming on a semiconductor substrate (20), 
a lower-level inter-level insulating film (1) of an 
inorganic material, 

2) forming on the lower-level inter-level insulat- 
ing film (1), a lower-level interconnection layer, 
an upper-level inter-level insulating film (3) of 
an inorganic material and a photoresist film in 
this order, 

3) patterning the photoresist film to form a first 
mask, 

4) patterning by means of this first mask, the 
upper-level inter-level insulating film (3) and the 
lower-level interconnection layer to form lower- 
level interconnections (2), 

5) forming an organic insulating film (4) on the 
entire surface including the patterned upper- 
level inter-level insulating film (3) and filling the 
spaces therebetween after removing the first 
mask. 

6) etching the organic insulating film (4) to ex- 
pose the surface of the patterned upper-level 
inter-level insulating film, wherein the organic 
insulating film (4) remains in said spaces, 

7) forming via holes (5) in the exposed upper- 
level inter-level insulating film, 

6) forming an upper level interconnection layer 
(6A) on the entire surface and at the same time 
filling the via holes with this upper-level inter- 
connection layer, 

9) forming on this upper-level interconnection 
layer a photoresist film and patterning the same 
to form a second mask (7), 

10) patterning by means of this second mask, 
the upper-level interconnection layer (6A) and 
the upper-level inter-level insulating film (3) to 
form upper-level Interconnections (6) having 
crossing points with the lower-level intercon- 
nections (2), said upper-level Inter-level insu- 
lating film (3) remaining at the crossing points 



75 



20 



2S 



30 



3S 



40 



45 



SO 



EP 0 476 625 B1 



8 



thus forming solid crossing points, and 
11) selectively removing the second mask (7) 
and the remaining organic Insulating film (4) to 
form a cavity (8, 1 5. 1 6) between the lower-levei 
insulating film (1) and the upper level intercon- 
nections (6). 



zungspunkte gebildet werden, und 
1 1 ) selektives Entf emen der zweiten Maske (7) 
unddes verbleibenden organischen Isolierfilms 
(4) zur Ausbildung eines Hohlraums(8, 15. 16) 
zwischen dem Unterlagenisolierfilm (1) und 
den Oberlagen-Verbindungen (6). 
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1. Verfahren der Herstellung einer Halbleitervorrich- 
tung mit Mehrlagenverbindungen, wobei der Pro- 
zeB die folgenden Schrltte aufweist: 

1 ) Ausbilden eines Unteriagen-Zwischenlagen- is 

Isolierfilms (1) aus anorganlschem ^4aterial auf 
einem Halbleitersubstrat (20). 

2) Ausbilden einer Unterlagen-Verbindungs- 
schicht, eines Oberlagen-Zwischenlagen-lso- 
lierfilms (3) aus einem anorganischen Material 20 
und eines Fotoresist-Films in dieser Reihenfol- 

ge auf dem Unterlagen-Zwischenlagen-lsolier- 
film, 

3) Strukturieren des Fotoresist-Films zur Aus- 
bildung einer ersten Maske, 2S 

4) Strukturieren mittels dieser ersten Maske 
des Oberiagen-Zwischenlagen-lsolierfilms (3) 
und der Unterlagen-Verbindungsschicht zur 
Ausbildung von Unterlagenverbindungen (2), 

5) Ausbilden eines organischen Isolierfilms (4) 30 
auf der Gesamtoberflache einschlieBlich des 
strukturierten Oberlagen-Zwischenlagen-lso- 
llerfllms (3) und Ausfullen der Raume dazwi- 
schen nach dem Entfernen der ersten Maske, 

6) Atzen des organischen Isolierfilms (4) zum 3S 
Freilegen der Oberflache des strukturierten 
Oberlagen-Zwischenlagen-lsolierfilms, wobei 
der organische Isotierfilm (4) in den Raumen 
verbleibt, 

7) Ausbilden von Durchgangslochern (5) In 40 
dem freigelegten Oberlagen-Zwischenlagen- 

Isolierfilm, 

8) Ausbilden einer Oberlagen-Verbindungs- 
schicht (6A) auf der gesamten Oberflache und 
gleichzeitig Ausfullen der Durchgangslocher 
mit dieser Oberlagen-Verbindungsschicht, 

9) Ausbilden eines Fotoresist-Films auf dieser 
Oberlagen-Verbindungsschicht und Strukturie- 
rung desselben zur Ausbildung einer zweiten 
Maske (7), so 

10) Strukturieren der Oberlagen-Verbindungs- 
schicht (6A) und des Oberlagen-Zwischenla- 
gen-lsolierfilms (3) mittels dieser zweiten Mas- 
ke zum Ausbilden von Oberlagen-Verbindun- 
gen (6), die Schnlttpunkte mit den Unterlagen- ss 
verblndungen (2) aufweisen, wobei der Ober- 
lagen-Zwischenlagen-lsolierfilm (3) an den 
Schnittpunkten verbleibt. so daB feste Kreu- 



Revendicatlons 

1 . Proc6d6 de fabrication d'un dispositif semi-conduc- 
teur ayant des interconnexions multicouches, le 
procddd comprenant les Stapes suivantes : 

1) former sur un substrat semi-conducteur (20) 
un film d'isolation des niveaux du niveau InfS- 
rieur (1) d'une mati^re mindrale, 

2) former sur le film d'isolation des niveaux du 
niveau infSrieur (1) une couche d'intercon- 
nexion du niveau infdrieur, un film d'isolation 
des niveaux du niveau supdrieur (3) d'une ma- 
ti6re min6rale et un film en r6slne photosensi- 
ble dans cet ordre, 

3) tracer I'impresslon du film en rSsine photo- 
sensible pour former un premier masque, 

4) tracer, au moyen de ce premier masque, I'im- 
pression du film d'isolation des niveaux du ni- 
veau supdrieur (3) et de la couche d'intercon- 
nexion du niveau InfSrieur pour former des in- 
terconnexions du niveau infSrieur (2), 

5) former un film organique isolant (4) sur la 
surface totale comportant le film d'isolation des 
niveaux du niveau supdrieur (3) de I'impresslon 
et remplir les espaces dans celui-ci apr^s avoir 
6limin6 le premier masque, 

6) graver le film organique isolant (4) pour ex- 
poser la surface du film d'isolation des niveaux 
du niveau sup6rieur de I'impresslon, le film or- 
ganique isolant (4) restant dans lesdits espa- 
ces, 

7) former des trous traversants (5) dans le film 
d'isolation des niveaux du niveau superieur ex- 
pos§, 

6) former une couche d'interconnexion du ni- 
veau superieur (6A) sur la surface totale et en 
mdme temps remplir les trous traversants de 
cette couche d'interconnexion du niveau sup6- 
rieur, 

9) former sur cette couche d'interconnexion du 
niveau supdrieur un film en rdsine photosensi- 
ble et tracer I'impression de celul-ci pour former 
un deuxidme masque (7), 

10) tracer, au moyen de ce deuxi^me masque, 
I'impression de la couche d'interconnexion du 
niveau supdrieur (6A) et du film d'isolation des 
niveaux du niveau superieur (3) pour former 
des interconnexions du niveau sup6rleur (6) 
ayant des points d' intersection avec les inter- 
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connexions du niveau inf6rieur (2), ledit film 
d'isolation des niveaux du niveau sup6rleur (3) 
restant aux points d'intersection formant done 
des points d'intersection sotides, et 
11) diiminer s^lectivement le deuxl^me mas- 5 
que (7) et le film organique isolant (4) restant 
pour former une cavite (8. 15, 16) entre le film 
isolant du niveau inf^rieur (1) et les Intercon- 
nexions du niveau supdrleur (6). 
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